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ABSTRACT 

A l l  o f  t h e  A A P  modules a re  p r e s e n t l y  b e i n g  d e s i g n e d  

t o  u s e  some v a r i a n t  o f  m u l t i - l a m i n a r ,  h i g h  per formance  radia- 

t i o n  b a r r i e r  i n s u l a t i o n  (HPI). Very l i t t l e  commonality e x i s t s  

be tween t h e  H P I  d e s i g n s  p lanned  f o r  t h e  v a r i o u s  modules .  

A r ev iew of  t h e  per formance  c h a r a c t e r i s t i c s  o f  

t y p e s  of H P I  p l anned  t o  be used on AAP modules i s  p r e s e n t e d .  

C o r r e l a t i o n  of p r e d i c t e d  v e r s u s  measured per formance  and t h e  

e f f e c t s  o f  j o i n t s  and p e n e t r a t i o n s  a r e  d i s c u s s e d .  Data com- 

p a r i s o n  a re  compl i ca t ed  by  t h e  f a c t  t h a t  no g e n e r a l  pe r fo rmance  

i n d e x  i s  used  i n  t h e  l i t e r a t u r e .  
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I N T R O D U C T I O N  - 
All of t h e  A A P  modules are  p r e s e n t l y  b e i n g  d e s i g n e d  

t o  u s e  some v a r i a n t  o f  m u l t i - l a m i n a r ,  h i g h  per formance  r a d i a t i o n  
b a r r i e r  i n s u l a t i o n  ( H P I ) .  I n s u l a t i o n  d e s i g n  o f  t h e  v a r i o u s  
modules as p r e s e n t l y  d e f i n e d  e x h i b i t s  ve rv  l i t t l e  commonal i ty .  

H P I  employs t h e  l o c a l  vacuum envi ronment  and m u l t i p l e ,  
t h i n ,  maximum-ref lectance l a y e r s  t o  a c h i e v e  e x t r e m e l y  low hea t  
t r a n s f e r  r a t e s .  With complete  a tmosphere  e v a c u a t i o n ,  no con- 
d u c t i o n  between N r a d i a t i o n  ba r r i e r s  and t h e  same e m i s s i v i t y  
of a l l  b a r r i e r  s u r f a c e s ,  t h e  h e a t  t r a n s f e r  r a t e  i s  d i r e c t l v  
p r o p o r t i o n a l  t o  t h e  e m i s s i v i t y  and i n v e r s e l y  p r o p o r t i o n a l  io 
( N - 1 ) .  

The c o r r e l a t i o n  between t h e o r e t i c a l  and a c t u a l  v a l u e s  
o f  h e a t  t r a n s f e r r e d  th rough  H P I  i s  a f u n c t i o n  o f  many f a c t o r s  
i n c l u d i n g  number o f  l a y e r s ,  s p a c e r  c o n f i g u r a t i o n ,  r e s i d u a l  g a s  
p r e s s u r e ,  a p p l i e d  l o a d ,  and method o f  a t t a c h m e n t .  C e r t a i n  t y p e s  
o f  H P I  show a lmos t  e x a c t  agreement between t h e o r e t i c a l  and mea- 
s u r e d  h e a t  t r a n s f e r .  r a t e s  for a f e w  l a y e r s  (<lo) b u t  i n c r e a s i n g  
c o n d u c t i o n  w i t h  an  i n c r e a s i n g  number o f  l a y e r s .  (I) T h i s  i n c r e a s e d  
h e a t  t r a n s f e r  r a t e  i s  caused  p r i m a r i l y  by compress ion  and t h e  
r e s u l t a n t  i n c r e a s e d  number o f  c o n d u c t i v e  p a t h s  i n  lower  l a y e r s  
caused  by  t h e  we igh t  o f  upper  l a y e r s .  

H P I  PERFORMANCE DEFINITIONS 

Data c o r r e l a t i o n  from t h e  l i t e r a t u r e  are  c o m p l i c a t e d  
by t h e  d i f f e r e n t  d e f i n i t i o n s  used  t o  r e p o r t  HPI  pe r fo rmance .  
The terms e f f e c t i v e  e m i t t a n c e ,  s h i e l d i n g  f a c t o r ,  a p p a r e n t  or 
e f f e c t i v e  t h e r m a l  c o n d u c t i v i t y , *  and h e a t  f l u x  a r e  a l l  u s e d .  
An a d d i t i o n a l  per formance  d e f i n i t i o n ,  t h e  p r o d u c t  o f  d e n s i t y  
and e f f e c t i v e  c o n d u c t i v i t y  i s  a l s o  used .  The h e a t  f l u x  method 
of per formance  d e s c r i p t i o n  r e q u i r e s  a d d i t i o n a l  i n f o r m a t i o n  

* 
Appendix A d e f i n e s  t h e s e  terms. 
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r e l a t i v e  t o  i n s u l a t i o n  d e s c r i p t i o n  and t e s t  c o n d i t i o n s .  Use 
of an  e f f e c t i v e  t h e r m a l  c o n d u c t i v i t y  per formance  i n d e x  s h o u l d  
b e  r e s t r i c t e d  t o  a p p l i c a t i o n s  a t  t h e  same t e m p e r a t u r e s  a t  which 
t h e  d a t a  were d e t e r m i n e d .  The problem of e s t a b l i s h i n g  a common 
a p p r o p r i a t e  index-of -mer i t  for H P I  as r e p o r t e d  i’n t h e  l i t e r a t u r e  
e x i s t s .  

These per formance  d e f i n i t i o n s  a re  a l s o  used  t o  i n c l u d e  
t h e  e f f e c t s  o f  seams and i n s u l a t i o n  p e r f o r a t i o n s  , u s u a l l y  on 
t h e  bas i s  of one u n i t  l e n g t h  o f  seam o r  one p e n e t r a t i o n  p e r  
u n i t  a r e a  of  i n s u l a t i o n .  

HPI  per formance  i s  d e t e r m i n e d  by u s e  of a c a l o r i m e t e r  
and vacuum pump. A l l  v a r i a b l e s  e x c e p t  pe r fo rmance  i n d e x  a re  
measured and pe r fo rmance  index  i s  c a l c u l a t e d ,  based upon t h e  
p a r t i c u l a r  d e f i n i t i o n  s e l e c t e d .  An a c c u r a t e  p r e d i c t i o n  o f  a 
pe r fo rmance  i n d e x  must c o n s i d e r  t h e  appor t ionmen t  o f  energy  t o  
b o t h  t h e  c o n d u c t i v e  and r a d i a t i v e  heat t r a n s f e r  modes. A c c u r a t e  
p r e d i c t i o n  of t h e  conduc t ion  t e r m  i s  h i g h l y  dependent  upon t h e  
s p a c e r  c o n f i g u r a t i o n  and de fo rma t ions  caused  by  a p p l i e d  l o a d s .  

modes are  t h e  normal  basis  f o r  p r e l i m i n a r y  d e s i g n  p r i o r  t o  t e s t  
v e r i f i c a t i o n .  These f i r s t  p r e d i c t i o n s  can  b e  l e s s  t h a n  p r e c i s e  
as some of t h e  f o l l o w i n g  d a t a  w i l l  show. 

H P I  per formance  p r e d i c t i o n s  i n v o l v i n g  b o t h  heat t r a n s f e r  

EXAMPLES FROM A A P  

I n  an a t t e m p t  t o  p r e s e n t  an overv iew of i n s u l a t i o n  
pe r fo rmance ,  correlation between p r e d i c t e d  and measured HPI 
per fo rmance  and t h e  e f f e c t s  o f  seams and p e n e t r a t i o n s ,  t h e  f o l -  
lowing  data a r e  p r e s e n t e d :  

LM H P I  

Grwnman ( 2 )  q u o t e s  t h e  f o l l o w i n g  changes i n  nominal  
e f f e c t i v e  e m i s s i v i t y  ( 0 . 0 0 3 )  for a c r i n k l e d ,  s i n g l e -  
a l u m i n i z e d ,  0 . 1 5  m i l  m y l a r ,  2 5  shee t  b a s i c  t e s t  
p a n e l :  . u s e  u n c r i n k l e d  b a r r i e r  s h e e t s ,  1 6 %  

d e g r a d a t i o n  

. u s e  ba r r i e r  s h e e t s  w i t h  b o t h  s u r f a c e s  
a l u m i n i z e d ,  16% d e g r a d a t i o n  

. i n t r o d u c e  a 12 - in .  l o n g ,  6 - i n .  wide 
o v e r l a p  j o i n t  p e r  f t 2  H P I ,  37% degra -  
d a t i o n  

. i n t r o d u c e  a 1 2 - i n .  l o n g ,  2 - i n .  wide 
f o l d e d  seam p e r  f t 2  H P I ,  33% d e g r a d a t i o n  
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. i n t r o d u c e  a p e n e t r a t i o n  f o r  a f i b e r -  
g l a s s  s t a n d o f f  r e t a i n e r ,  53% degra -  
d a t i o n  f o r  one p e n e t r a t i o n  p e r  f t 2  H P I .  
With a low e m i s s i v i t y  c o a t i n g  on t h e  
f i b e r g l a s s  s u p p o r t ,  d e g r a d a t i o n  i s  
r educed  t o  2 8 % .  

CM-SM H P I  

Nor th  American Rockwell  q u o t e s  a 0 . 0 2  d e s i g n  
e m i s s i v i t y  f o r  t h e  NRC-2 t y p e  HPI. T h i s  v a l u e  
a p p e a r s  t o  b e  confirmed b y  t h e r m a l  vacuum t e s t  
2TV-1. Approximately 2 5 %  o f  t h e  sys t em makeu 
h e a t  i s  l o s t  th rough s t r u c t u r a l  p e n e t r a t i o n s .  
Re fe rence  3 a l s o  s ta tes  t h a t  t h e  r e s u l t s  o f  t h e  
f i r s t  LM t e s t  y i e l d e d  a n  e f f e c t i v e  e m i t t a n c e  o f  
0 . 0 1 6 .  
t h e  e f f e c t i v e  e m i t t a n c e  was reduced  t o  0 . 0 1 1 .  The 
s i g n i f i c a n t  v a r i a t i o n  between t h e  above LM v a l u e s  
and t h e  0 . 0 0 3  e f f e c t i v e  e m i s s i v i t y  of  R e f e r e n c e  2 
i s  caused  by  t h e  d i f f e r e n c e s  of a complex ,mul t ip l e  
p e n e t r a t i o n ,  complete sys t em t e s t  as compared w i t h  a 
s i m p l e  t e s t  p a n e l .  

? 3 )  

A f t e r  i n s u l a t i o n  r e d e s i g n  and LM r e t e s t i n g ,  

MDA H P I  

MSFC r e p o r t s  a d e s i g n  t h e r m a l  c o n d u c t i v i t y  of 
fs x B T U / h r - f t o R  f o r  t h e  MDA HPI. (4) C u r r e n t  
c o n t r a c t  or measured e f  f P c t i v e  t h e r m a l  c o n d u c t i v i t y  
i s  1 x BTU/hr-ftoR a t  a mean t e m p e r a t u r e  o f  
75OF.(5) 
v a l u e  and c a l o r i m e t e r  d a t a  i s  an  a p p r o p r i a t e  " r u l e  
o f  t u b" s a f e t y  f a c t o r  f o r  s p a c e  v e h i c l e s  u t i l i z i n g  

MSFC t h i n k s  t h i s  5:1 r a t i o  between d e s i g n  

H P I .  r5ql 

Goodyear Aerospace h a s  proposed  a p a i r  of r e c t a n g u l a r  
h y p e r b o l a s  t o  d e s c r i b e  t h e  e f f e c t  of' j o i n t s  on t h e  
e f f e c t i v e  t h e r m a l  c o n d u c t i v i t y  o f  t h e  MDA i n s u l a t i o n .  (6) 
These e q u a t i o n s  a r e  

where A/L i s  t h e  r a t i o  o f  p a n e l  area t o  j o i n t  l e n g t h ,  
K i s  e f f e c t i v e  c o n d u c t i v i t y ,  and c i s  a c o n s t a n t  
- 

r - 
( 3 . 6 9  x lo-' and 5 .86  x lo-'). The c o n d u c t i v i t y  f o r  - 
no j o i n t  i s  t h e  a s y m p t o t i c  v a l u e  3 . 8  x lo-' BTU/hr-ft°F. 
The a v e r a g e  o f  t h e s e  two e q u a t i o n s  y i e l d s  a 1 2 5 %  i n -  
c r e a s e  i n  e f f e c t i v e  c o n d u c t i v i t y  for a l i n e a r  f o o t  of 
j o i n t  p e r  s q u a r e  f o o t  o f  i n s u l a t i o n .  
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MDA AND ATM H P I  

Convai r  D i v i s i o n  of G e n e r a l  Dynamics has conduc ted  
an  MSFC s p o  red program t o  t e s t  t h e  MDA and ATM 
i n s u l a t i o n .  The ATM i n s u l a t i o n  i s  a ' m o d i f i c a t i o n  
of  t h e  N a t i o n a l  Research  C o r p o r a t i o n ,  NRC-2 material .  
The  p r e d i c t e d  hea t  f l o  s f o r  t h e  NRC and NASA HPI were 

v a l u e s  were 0 . 3 0  and 0 . 1 7 .  
method of p r e d i c t i n g  t h e  c o n d u c t i o n  term, 
showed much b e t t e r  agreement  w i t h  t h e  c a l c u l a t e d  v a l u e  
b e i n g  5% g r e a t e r  t h a n  t h e  measured v a l u e .  

0 . 4 8 9  and 0 .337  B T U / f t  Y - h r .  The  r e s p e c t i v e  measured 
A f t e r  a d j u s t m e n t  o f  t h e  

l a t e r  t e s t s  

1022-JWP-ms 
J , W Y m  
J .  W .  Powers 

At tachment  
Appendix A 
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Appendix A 

H P I  Performance D e f i n i t i o n s  

To d e f i n e  e f f e c t i v e  t h e r m a l  c o n d u c t i v i t y  (F) and 
e f f e c t i v e  e m i s s i v i t y  ( F ) ,  t h e  f o l l o w i n g  symbols are  used :  

a - I n s u l a t i o n  Thickness  
N - Number of R a d i a t i o n  Barr iers  
Q - Heat Flow Rate p e r  U n i t  Area 
T - Temperature  
E - E m i s s i v i t y  o f  Both B a r r i e r  S u r f a c e s  
CI - Stefan-Boltzman Cons tan t  

If a c o n d u c t i o n  d e f i n i t i o n  f o r  t h e  r a d i a t i v e - c o n d u c t i v e  
p r o c e s s  i n  m u l t i p l e - l a y e r  i n s u l a t i o n  i s  used ,  e f f e c t i v e  
thermal  c o n d u c t i v i t y  i s  

E f f e c t i v e  e m i s s i v i t y  i s  d e f i n e d  from t h e  S t e f a n -  
Boltzman f o u r t h  power law 

Q 
o(T';-T:) 

- 
E =  

For t h e  l i m i t i n g  c a s e  w i t h  no c o n d u c t i o n  heat  t r a n s f e r  
o c c u r r i n g  i n  t h e  i n s u l a t i o n ,  E = E / ( N - ~ ) .  

approx ima te  r e l a t i o n s h i p  between and x i s  found by 
e l i m i n a t i n g  Q .  

- 

If t h e  t e m p e r a t u r e  d i f f e r e n c e  i s  small ,  a s i m p l e  
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I n  H P I  which does n o t  u t i l i z e  separa te  s p a c e r  compo- 
n e n t s ,  t h e  e m i s s i v i t i e s  of t h e  two ba r r i e r  s u r f a c e s  a re  n o t  
e q u a l  b e c a u s e  on ly  one s u r f a c e  i s  a l u m i n i z e d .  The l i m i t i n g  
e f f e c t i v e  e m i s s i v i t y  w i t h  t h i s  c o n f i g u r a t i o n  i s  

€ l E 2  

E + E  - E  E 1 2  1 2  

I f  t h e  p r o d u c t  of d e n s i t y  and e f f e c t i v e  t h e r m a l  con- 
d u c t i v i t y  i s  p x  and t h e  u n i t  we igh t  p e r  b a r r i e r  l a y e r  i n c l u d i n g  
any s p a c e r  i s  w ,  

QNw 
2 1  T -T p R  = 

The number of  b a r r i e r  l a y e r s  p e r  u n i t  t h i c k n e s s  of i n s u l a t i o n  
i s  N / a .  
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